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part of the compulsory vaccination program; it causes a state of immunological stress, with subsequent stimulation of the proatherogenic mechanisms. [10] Our research hypothesis relies on the possibility that activation the cell-mediated immune response by Mtb can promote atherogenesis. Several studies investigated the relation between Mtb infection and atherosclerosis, but as far as we know, no previous studies have explored the contribution of LTBI to the development of coronary artery stenosis (CAS). The aim of this study is to determine the frequency of LTBI among patients with CAS compared to those without and to explore the association between LTBI and CAS.
Methods

Study-Subject Study design
A hospital-based, case-control study was conducted.
Study location
The study population was recruited from patients attending the "Cardiac Catheterization Unit" of the Department of Cardiology, Cardiology, and Cardiac Surgery Hospital.
Study duration
The study sample was recruited from February 2016 to December 2017.
Inclusion criteria
This study included consecutive 183 patients with chest pain suggestive of ischemic heart disease with intermediate-high risk, who underwent percutaneous coronary angiography for diagnosis of coronary artery disease (CAD). The study population included 121 patients with CAS and 62 patients without. Advanced CAS was defined as the presence of one or more of the following: proximal, left anterior descending coronary artery disease ≥95%, two-vessel disease (other than left anterior descending coronary artery) ≥95%, and three-vessel disease of any degree.
Exclusion criteria
Pregnant patients, patients younger than 18 years, and patients with clinical, radiological, and/or microbiological evidence of TB and leukopenia were excluded from the study. Furthermore, patients with human immunodeficiency virus (HIV) infection, and skin rash (that can interfere with the interpretation of TST results), and those receiving aspirin, nonsteroidal anti-inflammatory drugs, systemic corticosteroids, immunosuppressant medications, and/or antineoplastic chemotherapy were not enrolled.
Methods
For all the study population, clinical evaluation, imaging studies, laboratory investigations, and electrocardiography were carried out. Body mass index (BMI) was estimated according to the following equation: BMI = weight in kilograms/height in meters squared. Overweight was defined as a BMI of 25 kg/m 2 to <30 kg/m 2 . Obesity was defined as a BMI of ≥30 kg/m 2 . Waist circumference was measured at the midpoint between the lower costal margin and the iliac crest. Imaging studies included chest radiography and echocardiography before undergoing percutaneous coronary angiography. Laboratory investigations included estimation of fasting serum glucose level, lipids profile (fasting serum levels of total cholesterol, low-density lipoprotein cholesterol [LDL-C], high-density lipoprotein cholesterol [HDL-C], and triglycerides), complete blood count, estimation of serum level of creatinine, and testing for antibody to HIV. After a minimum of 14 h overnight fasting, venous blood samples were collected. The same laboratory with the standard methods was used for all the laboratory investigations. Glucose intolerance was defined as fasting glucose level of >6.1 to <7 mmol/L, while DM was defined as fasting glucose level of 7 mmol/L or more. Dyslipidemia was defined as one or more of the following: Total cholesterol serum level more than 200 mg/dL, LDL-C serum level more than 130 mg/dL, HDL-C serum level >27 mg/dL, and triglycerides serum level of 165 mg/dL or more.
In addition, TST was performed using purified protein derivative of the human strain of Mtb (Vacsera, Egypt) for strict, intradermal injection of five tuberculin units (0.1 mL). When a discrete, pale elevation of the skin (a wheal) 6-10 mm in diameter was detected, the injection was considered correct. The results of TST were recorded after 72 h; induration of 10 mm or more was considered as a positive result. [11] Only for the patients with positive TST, IGRA (QuantiFERON-TB Gold (QFT-G) test) Cellestis Ltd, Carnegie, Australia) was performed. In specialized blood collection tubes, the whole blood was collected and incubated at 37°C for 24 h. Measurement of interferon-gamma by enzyme-linked immunosorbent assay was performed after centrifugation of the tubes and removal of the plasma. Tuberculin response percentage (based on interferon-gamma response to the Mtb antigen tube) of 30% or more was considered as a positive result. The diagnosis of LTBI relied on positive results of both TST and IGRA.
The diagnosis of the metabolic syndrome (MS) was considered if three or more of the following items were present: (1) waist circumference more than 102 cm for males or more than 88 cm for females; (2) blood pressure reading of 135/85 mmHg or more or receiving therapy for systemic hypertension; (3) high fasting serum levels of glucose (≥110 mg/dL) or receiving therapy for either glucose intolerance or DM; (4) high fasting serum levels of triglycerides (≥150 mg/dL) or receiving therapy for hypertriglyceridemia; and (5) low fasting serum levels of HDL-C <40 mg/dL for males or <50 mg/dL for females or receiving therapy for low HDL-C level. [12] 
Statistical analysis
Data were analyzed using the Statistical Package for the Social Sciences (IBM SPSS Statistics, version 22.0, release 22.0.0.0; IBM Corp, Armonk, New York, US). Results were expressed as mean ± standard deviation or frequency (percentage) as appropriate. The predictors of CAS among the study population with CAD were identified using univariate analyses (Yates' corrected Chi-square test or Fischer's exact test). Multivariate analysis (binary logistic regression) was used to assess the independent effect of each predictor. Multivariate analysis included significant factors with P < 0.05 in the univariate analyses.
The software G*Power version 3.1.9.2 was used for a post hoc power analysis of the performed Chi-square tests. An arbitrary effect size was chosen for the power analysis, which precisely was a Cohen's w statistic of 0.3. This value conventionally corresponds to a medium-sized effect. The power achieved was 0.84.
Ethical considerations
The study was conducted after approval of the Clinical Research Ethical Committee of Assiut Faculty of Medicine and was carried out according to the code of ethics of the World Medical Association (Declaration of Helsinki). All the participants signed consent certificate after discussing in detail with the investigators the certificate participants and the study aim. Participants were clearly informed that refusing to participate in the study will not affect having full benefit of the available medical service. Data confidentiality was respected.
results
The demographic, clinical, and laboratory characteristics of the study population are shown in Table 1 . The mean age was 62.5 ± 9.9 years (for patients with CAS it was 64.7 ± 11.5 years, while it was 59.1 ± 8.3 for those without). Among the study population, 72.7% were males (70.3% of patients with CAS and 77.4% of those without). LTBI was detected among 29.5% of the study population. Among the study population, TST reading was positive in 68.9%; however, QuantiFERON-TB Gold test was positive only among 29.5% (95% confidence interval [CI] 22.8%-40.1%). Among the 126 patients with positive TST, 54 (42.9%) had a positive QuantiFERON-TB Gold test. The most frequent risk factor for CAS among the study population was tobacco smoking (48.6%).
Among the well-recognized risk factors, tobacco smoking, obesity, DM, dyslipidemia, and MS were associated with CAS compared to those without. In addition, among patients with CAS, the frequency of LTBI was significantly higher compared to those without CAS (35.5% (95% CI 27.6%-43.2%) versus 17.7% (95% CI 13.7%-21.4%), P = 0.009). In Table 2 , after multivariate analysis of the factors associated with CAS, it was found that MS (odds ratio [OR] 3.6, 95% CI 1.5-22.6, P = 0.022) and LTBI (OR 2.5, 95% CI 1.2-17.3, P = 0.018) were the predictors of CAS among the study population.
Among patients with CAS, 56.2% had advanced CAS. Table 3 shows the demographic, clinical, and laboratory characteristics of the patients with CAS. The mean age of the patients with advanced CAS was 67.2 ± 12.3, while that of those with nonadvanced CAS was 61.6 ± 10.1. Male gender was more frequent among patients with nonadvanced CAS compared to those without (73.6% vs. 67.6). The factors associated with advanced CAS were systemic hypertension, DM, and LTBI, when comparing the patients with advanced CSA with those with nonadvanced CAS. As shown in Table 4 , only DM (OR 1.9, 95% CI 1.1-11.7, P = 0.031) was significantly, independently associated with advanced CAS. A flowchart of the study population is shown in Figure 1 .
dIscussIon
To the best of our knowledge, it was the first time to find a relation between LTBI and CAS. The previous studies reported an association between LTBI and atherosclerosis but not CAS. On comparison of the study patients with CSA to those without, we found a significant, independent association between LTBI and CAS, referring to a potential contribution of LTBI to the development of CAS through the induction of atherosclerosis; this association was independent of all the other well-recognized risk factors of coronary atherosclerosis. Although a significant association was also detected between LTBI and advanced CAS on univariate analysis, this association was not established on multivariate analysis.
In response to injury, the resulting inflammatory process can trigger the atherogenic process; this can lead to the release of several inflammatory mediators including tumor necrosis factor-alpha and interleukins, with the consequent accumulation of lipids and mononuclear cells (macrophages and activated T lymphocytes within the damaged wall of blood vessels). [4, 13] Several infectious agents (including viral, bacterial, and parasitic pathogens) were linked to atherogenesis, [5, 14] through both direct and indirect mechanisms. The direct mechanism involves mycobacterial direct invasion of the wall of blood vessels leading to an autoimmune reaction, and subsequently thrombosis. [3, 15] Indirectly, the cell wall of Mtb can induce a pro-inflammatory state, which may contribute to atherogenesis. [6] An autoimmune response can be induced against the expressed heat-shock proteins on endothelial cells, macrophages, and smooth muscle cells due to the molecular similarity of the bacterial heat-shock protein-60 to the human shock proteins, leading to atherogenesis. [16, 17] A proatherogenic immune response against the BCG vaccine was suggested by finding a correlation between the titers of antibody to heat-shock protein-65 and atherosclerosis. [10, 18] The antibodies against shared epitopes of heat-shock protein-60 between Mtb and the human cell are involved in the development of atherosclerosis through the induction of an autoimmune process. [19] Mycobacterial wall phospholipids (especially phosphatidylinositol) induces a procoagulant state, through their contribution to thrombin generation. [20] The previous data explains the role of Mtb in triggering and/or accelerating atherogenesis, with consequent development of CAS.
In addition to LTBI, MS was a predictor of CAS among our study population. Endothelial dysfunction induced by MS can be due to an inflammatory state [21] or oxidative stress. [22] In blood vessels, the endothelium represents a dynamic interface between the arterial wall and the circulating cells in bloodstream. [23] Therefore, endothelial dysfunction is considered as the initial step of atherogenesis. Oxidative stress leads to reduced bioactivity of nitric oxide, which controls the vascular tone, inhibits platelet function, prevents leukocytes adhesion, and reduces intimal proliferation. [24] Regarding advanced CAS, DM was the only factor significantly, independently associated with such a disorder. This refers to the contribution of DM to the progression of coronary atherosclerosis after being initiated by MS and LTBI among our study population. The main pathways involved in atherogenesis among patients with DM are the enhanced inflammatory response and thrombotic state. [25] The present study did not include laboratory assessment of serum insulin for confirmation of insulin resistance; we relied on the clinical presentation of insulin resistance in the form of MS. Another limitation was the relatively smaller size of the control group in comparison to the cases with CAS.
conclusIon LTBI is associated with the development of CAS but not with advanced CAS. In addition, MS is associated with CAS, while its related metabolic disorder, DM, is associated with advanced CAS. Whether screening for LTBI and treating those with infection can reduce the development of CAS needs further studies.
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